Anaesthesia received notification from the state coroner of all deaths occurring under, as a result of or within 24 hours of anaesthesia. reports were then requested from the anaesthetists concerned. While providing a report was voluntary, there was a consistently high compliance (>90%). In Victoria (~25% of total population 10 ), the Victorian Consultative Council on Anaesthetic Mortality and Morbidity received reports directly from anaesthetists on a voluntary basis. There was no specified time limit between the anaesthesia and the death. Information was also obtained from the state coroner who independently received reports of perioperative deaths. In Queensland (~20% of total population 10 ), the Committee to Enquire into Perioperative Deaths received reports directly from anaesthetists, which was also on a voluntary basis. However, the state coroner also notified the committee about deaths in which anaesthesia or surgery may have contributed. The Queensland committee did not function between 2005 and 2008. In Western Australia (10.6% of total population 10 ), the Anaesthetic Mortality Committee received reports of deaths within 48 hours of an anaesthetic directly from anaesthetists and later deaths if they were thought to be a result of an anaesthetic. These reports were mandatory under the State Health Act. In South Australia (~7.6% of total population 10 ), the Anaesthetic Mortality Committee received reports of deaths within 24 hours of an anaesthetic, and later deaths if they were likely to be a result of an anaesthetic, directly from anaesthetists. Reports were received also indirectly from teaching hospitals. All reports were voluntary. In 1987, the Committee was replaced by the Perioperative Mortality Committee, but this did not commence until 1991 and did not function between 2003 and 2008. In Tasmania (~2.2% of total population 10 ), an anaesthesia mortality committee was established in 2005. This committee receives reports of deaths within 30 days of a surgical procedure. reporting of deaths is required as a condition of employment in public hospitals for most anaesthetists. The Northern Territory and Australian Capital Territory have never had independent anaesthesia mortality committees (combined population about 2.7% of the total Australian population 10 ).
In all states, the reports received and all details pertaining to the deaths (including personnel and hospital) were de-identified before being considered by the committees. The committees had wide representation from within the anaesthesia community and typically included other health professionals. The committees scrutinised the reports and any other available information to determine whether there was an anaesthetic contribution to the death. The deaths were then categorised using a modification of the classification first described by Edwards et al in 1956 (Table 2) 11 . Deaths in categories 1-3 of this classification can be considered 'anaesthesia-related', while only those deaths in category 1 are considered 'anaesthesia-caused'. Deaths classified in categories 4-6 (surgical, inevitable and incidental) are considered 'not anaesthesia-related'. Table 1 Contribution to national anaesthetic mortality reports by states and territories % Total population 1985-1987 1988-1990 1991-1993 1994-1996 1997-1999 2000-2002 2003-2005 2006-2008 New South Wales 32 Estimating the anaesthesia-related mortality rate in relation to population The anaesthesia-related mortality rate in relation to population was calculated by dividing the numerator for the triennium by three to obtain the average annual number and then dividing this number by the combined population of all states participating. The population of each state participating was obtained from the Australian Bureau of Statistics 10 .
Estimating the anaesthesia-related mortality rate in relation to the number of episodes of anaesthesia care
The method of determining the total number of anaesthetic procedures varied between reports. For the 1985-1987 report, the National Health and Medical research Council working party estimated that there were approximately 5.47 million anaesthetics given over the triennium. This estimate was derived from Australian Health Insurance Commission and State Health Authority data, but was recognised as incomplete. The working party noted that their estimate was equal to about 10% of the Australian population. For the 1988-1990 report, the working party used this percentage (10%) to estimate the total number of anaesthetics administered during the triennium.
For the 1991-1993 report, the number of anaesthetics administered per annum was an approximation based on the total number of separations from hospitals in the states involved (based on International Classification of Diseases [ICD]-9 codes from July 1992 to June 1993) minus separations involving 'diagnostic or non-surgical procedures' or where there was 'no procedure' or 'procedure not stated'. The estimate of the total number of anaesthetics for the triennium was this number multiplied by three. A similar methodology was used for both the 1994-1996 report and the 1997-1999 report, based on separations from July 1995 to June 1996, and July 1997 to June 1998, respectively. The potential deficiencies of this methodology were acknowledged in the reports.
For the 2000-2002 report, the number of anaesthetic procedures was based for the first time on anaesthetic rather than surgical codes. Coding 
Demographic and procedural factors, contribution of patient's medical condition and preventability
The triennial reports include several demographic and procedural factors such as age, gender, American Society of Anesthesiologists physical status (ASA PS), elective versus non-elective procedure, teaching hospital versus non-teaching hospital, and specialist versus non-specialist anaesthetist, as well as opinions on whether the patient's condition was a significant factor in the death (subcategory H; Table  2 ) and further, whether there was any correctable anaesthetic factor that could have prevented the death (subcategory G; Table 2 ).
rESUlTS
The percentage of the total Australian population represented in the reports up to 2000-2002 was about 95% for most reports ( Table 1) The reported anaesthetic mortality rate per million population per annum was in a narrow range between 2.29 and 2.79 over the eight triennia, except for the 1988-1990 triennium, for which it was 1.8 ( Table 3) .
The reported anaesthetic-related (category 1-3) mortality rate per episode of anaesthesia care ranged from about 1:36,000 for the 1985-1987 triennium to about 1:79,000 for 1997-1999 triennium. However, for the last three triennia the rate was between about 1:53,400 and 1:56,000 ( Table 3) .
The proportion of anaesthesia-related deaths considered category 1 fell progressively from about 50% for the 1985-1987 triennium to about 15% for the 2006-2008 triennium ( Table 3 ). The proportion of deaths in which the medical condition of the patient was considered a significant factor increased from 13% for the 1997-1999 triennium to 72% for the 2006-2008 triennium. The number of deaths in which no correctable factor could be identified increased from 4% for the 1991-1993 triennium to 49% for the 2006-2008 triennium.
The demographic and procedural data are summarised in Table 4 . The majority of the deaths (≥66%) occurred in patients >60 years of age in each triennium, rising to 92% for the 1997-1999 and 2000-2002 triennia. Similarly the majority of the deaths (≥58%) occurred in patients who were classified preoperatively as ASA PS 3-5. From the 1994-1996 triennium onwards, this proportion was Table 3 Anaesthesia mortality in Australia 1985 Australia -2008 Australia 1985 Australia -1987 Australia 1988 Australia -1990 Australia 1991 Australia -1993 Australia 1994 Australia -1996 Australia 1997 Australia -1999 Australia 2000 Australia -2002 ≥81%. Between 35-61% of the deaths involved nonelective procedures. Between 50-58% of the deaths occurred in metropolitan public teaching hospitals (as opposed to private hospitals, rural hospitals or smaller government non-teaching hospitals).
Between 69 and 85% involved specialist anaesthetists (as opposed to anaesthetists in training or other nonspecialist anaesthetists).
DISCUSSION
The eight national triennial reports of anaesthetic mortality in Australia provide an opportunity to examine trends in anaesthetic mortality in Australia over a period of 24 years, covering an estimate of over 50 million anaesthetics. While not all states contributed data to all reports, at least two-thirds of the population were included in each of the reports. The data indicate that anaesthesia-related mortality fell from about 1:36,000 anaesthetics in the 1985-1987 triennium to about 1:55,000 for the most recent 2006-2008 reported triennium. The data also indicate that the percentage of deaths considered anaesthesia-caused, fell from about 50% of all anaesthesia-related deaths from 1985-1987 to about 15% of all anaesthesia-related deaths from 2006-2008. The percentage of deaths with no correctable factor increased from <5% in the 1991-1993 triennium to about 50% in the 2006-2008 triennium. These and other findings suggest that there were impressive improvements in anaesthesia safety in Australia over the 24-year period. However, the observed rates and trends can only be as accurate as the numerators and denominators on which they are based, and will be heavily dependent on the definitions used. Therefore, several caveats must be considered when interpreting the data in each of the reports.
Definition of anaesthesia-related and anaesthesiacaused mortality
The definitions used by the committees in their assessments in all the reports were based on the same classification ( Table 2 ). This classification does not stipulate a time period between the anaesthetic and the death. For most states, reports were required or requested for all deaths within 24 or 48 hours of an anaesthetic, and for later deaths only if an anaesthetic factor had been implicated at the time. Therefore, for the most part, the data apply to 'early' deaths after anaesthesia and would not include later deaths that may have occurred following an interval in which there appeared to have been no anaesthetic complication.
Importantly, an anaesthesia error was not a necessary condition to fulfil the definition of anaesthesia-related or anaesthesia-caused death. The preventability or otherwise of the death was assessed by the committees and subcategory G was added for those deaths in which anaesthesia factors were implicated, but for which no correctable factor could be identified. In these cases, the patients had severely limited cardiopulmonary reserve or other risk factors that could not be foreseen. The recognition that some anaesthesia deaths are 'nonpreventable', despite the optimal use of currently available techniques, acknowledges the limitations of currently available agents and techniques, and provides justification for further research and development in these areas.
Accuracy of the numerator
In order to obtain an accurate numerator for anaesthetic mortality, it is necessary to first identify deaths during or within a specified period after an anaesthetic and to then scrutinise the circumstances of the death to determine whether there was an anaesthesia cause or contribution to the death. Therefore the first caveat in terms of accuracy of the numerator is the mostly voluntary nature of reporting of deaths during or within a specified period after an anaesthetic to the various anaesthesia mortality committees. Nevertheless, even when voluntary, reporting of deaths to anaesthesia mortality committees has been part of the culture of anaesthesia practice in Australia and has been considered a routine quality assurance activity. Moreover, as reports to the committees are confidential and legally protected, there is no disincentive in relation to Table 4 Demographic and procedural factors 1985-1987 1988-1990 1991-1993 1994-1996 1997-1999 2000-2002 2003-2005 potential naming of the anaesthetist(s) involved or the risk of litigation. In any event, by cross-referencing the reports received to information provided by state coroners, a high participation rate was observed for voluntary reports. Death during an anaesthetic or within a defined period is objective. However, determining whether an anaesthetic factor caused or contributed to the death is always an opinion and therefore always subjective to some extent. This subjectivity is recognised in the classification with terms such as 'reasonably certain' used in the definitions (Table  2 ). Nevertheless, the subjectivity was minimised in each of the reports by having consensus determinations by anaesthetic mortality committees with wide representation. Moreover, bias was avoided by de-identifying the deaths in relation to patient, personnel and hospital. Standardisation between states and between reports was promoted by the use of the same classification of deaths throughout.
Accuracy of the denominator
The denominator for the anaesthesia mortality rate in terms of population was based on census information obtained from the Australian Bureau of Statistics and should be considered highly accurate for each of the reports 10 . However, the denominator for the anaesthesia mortality rate in terms of numbers of anaesthetics performed was an indirect estimate for many of the reports, particularly the 1991-1993, 1994-1996 and the 1997-1999 reports, which used an estimate based on the number of surgical separations. These three reports very likely overestimated the number of anaesthetics performed, thereby underestimating the anaesthesia mortality rates. The three most recent reports used a more direct method based on anaesthesia codes collected at each hospital by the Australian Institute of Health and Welfare 12 and are likely to be more accurate. If multiple anaesthesia codes were used for a single episode of anaesthesia care (e.g. general anaesthesia and epidural anaesthesia), a hierarchy was used to ensure that only a single episode of care was recorded.
Accuracy of demographic and procedural factors, contribution of patient's medical condition and preventability
Patient's age, gender, ASA PS, urgency of surgery, type of hospital and grade of anaesthetist are objective variables, and thus likely to accurately represent the patients whose deaths were included in the reports and the circumstances of these deaths. Nevertheless, caution should be exercised in the interpretation of these data because their respective denominators are not known.
The assessment of whether the patient's medical condition was a significant factor in the death (subcategory H) was a consensus opinion of the anaesthetic mortality committee involved, and therefore subjective to some extent. The 'medical condition of the patient' in this context is not the same as the ASA PS. For example, an airway abnormality would not influence an ASA PS classification but may be a factor in an inability to oxygenate. Alternatively, a patient may be classified as ASA PS 3 due to end-stage renal or cardiac failure, but this may not be a factor in a purely airway or equipment problem. Nevertheless, there would be many instances when the ASA PS and the medical condition would be related, particularly in patients with reduced cardiopulmonary reserve who may not respond normally to standard resuscitative efforts.
The assessment of whether there was a correctable anaesthetic factor that could have prevented the death (subcategory G) is also a subjective assessment. This subcategory indicates that in the opinion of the anaesthetic mortality committee assessing the death, the death was not preventable within the constraints of our current knowledge, drugs and techniques.
Comparison with anaesthesia mortality rates from other countries
There are few other national anaesthesia mortality reports with which to compare the Australian data. Moreover, the reports that are available differ in the definitions of anaesthesia-related and anaesthesiacaused deaths, making direct comparisons impossible. The most recent estimate of anaesthesia mortality in the United Kingdom (Confidential Enquiry into Perioperative Deaths) was in 1987 13 . In this report, based on a sample of about 500,000 anaesthetics, there were 410 deaths in which anaesthesia was considered to have 'had some part' (1:1219 anaesthetics). However, in only three deaths was the anaesthetic considered to be 'the only factor' in the death (1:170,000 anaesthetics).The Australian comparative rates were about 1:36,000 for anaesthesia-related and about 1:76,000 for anaesthesiacaused deaths over this period (1985) (1986) (1987) .
The most recent estimate of anaesthesia-related mortality in France was from 1999 14 . lienhart et al surveyed anaesthetists involved in the care of a proportion of cases recorded in the French national mortality database. They identified anaesthesia contributions to the deaths from the responses and extrapolated the number of anaesthetics performed from a previous survey sample in 1996. They estimated the anaesthesia-related mortality to be about 1:21,000 and the anaesthesia-caused mortality to be about 1:145,000. The Australian comparative rates for this period (1997) (1998) (1999) were about 1:79,000 and 1:220,000, respectively, although this was a period in which the denominator was most likely an overestimate.
Until recently, there was no published estimate of the anaesthetic mortality rate in the United States, as all previous data were obtained from individual institutions or groups of institutions. However, in 2009 li et al published a report on the epidemiology of anaesthesia-related mortality in the United States based on ICD coding of anaesthesia-related errors or complications between 1999-2005 15 . The codes were recorded on death certificates in the data files of the Centers for Disease Control and Prevention (vital statistics data). The number of anaesthetics performed was estimated from hospital surgical discharges data. The estimate of the number of anaesthesia-related deaths was 1.1 per million population per annum and 8.2 per million hospital discharges. This would equate to an anaesthesiarelated mortality rate of 1:121,000 if each hospital discharge involved one anaesthetic. However, basing the numerator on ICD coding is likely to be less sensitive than scrutiny of anaesthesia records and is therefore likely to underestimate anaesthesiarelated mortality. The Australian comparative rate for this period was between about 1:56,000 (2000-2002) and 1:53,400 (2003-2005) .
Anaesthesia-related mortality and morbidity in Japan has been reported by the Japan Society of Anaesthesiologists over the past two decades 16, 17 . Data have been obtained from confidential questionnaires sent to all certified training hospitals in Japan. The first report was published in 2003 and included mortality rates for the period 1994-1998 16 . They had a 40% response rate, covering over 2.3 million cases. The mortality totally attributable to anaesthesia up to seven days postoperatively was about 1:50,000. By 1999 the rate had fallen to about 1:76,000, and by 2002 it was about 1:91,000 17 . These rates (1:76,000-1:91,000) fell between the anaesthesia-related and anaesthesia-caused mortality rates in Australia over this time.
Anaesthetic mortality rates have also been published recently for hospitals or groups of hospitals in Thailand, Pakistan and Brazil. The Thai Anaesthesia Incidence Study of Perioperative Death (2005) reported an anaesthesia 'partially related' mortality rate of about 1:2500 anaesthetics and an anaesthesia 'directly related' mortality rate of about 1:5900 anaesthetics 18 . Khan and Khan (2007) reported an anaesthesia 'partly responsible' mortality rate of about 1:14,000 anaesthetics and an anaesthesia 'solely responsible' mortality rate of 1:28,000 anaesthetics over the 12-year period 1992-2003 19 . They reported substantial reductions in anaesthesia mortality between the first and second halves of their study. reports from various teaching hospitals in Brazil suggest that their anaesthesia-related mortality rate has also fallen from 1:4400 from 1982-1984 to about 1:9000 from 1996-2004 20 . It is not clear whether the rates reported from these three countries represent their national rates, so comparisons to the Australian rates are not possible
CONClUSION
All anaesthesia mortality reporting is subjective to some extent, and the estimated rates will depend on the definitions used and the accuracy of the numerators and denominators. The strengths of the Australian data relate to the consistency of definitions and methodology over a prolonged period, the use of de-identified data and consensus opinions in the assessment of the deaths and the culture of confidential anaesthesia mortality reporting as a quality assurance activity in all states participating. The weaknesses relate to the limited time periods for the definition of 'anaesthesia-related' and potential inaccuracies in both the numerators and denominators. Nevertheless, there do not appear to be other national anaesthesia mortality reports that have superior accuracy. The Australian data indicate that anaesthesia-related mortality has been about 1:50,000 anaesthetics since 2000, with apparent trends to a reduced proportion of anaesthesiacaused mortality, an increased proportion of deaths in which the medical condition of the patient is considered a significant factor and an increased proportion of deaths considered to have no correctable factor (non-preventable with our current state of knowledge, drugs and techniques). While the data are encouraging, they nevertheless demonstrate that additional efforts are required to further reduce 'preventable' anaesthetic deaths, and that continuing research and development into safer agents and techniques are required to reduce the incidence of deaths currently considered 'non-preventable'.
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